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—— g - —
WAVZS IN LIQUID HELIUM

By

Garocld F. Fritz

b ne trermal expansion coefficlent @ 1e retainazd
in t lirezrized hyrdredynamic equations of the two-fluid
model of sunerfiuid liquid heliun regsure and terveratur
waves are nct independent Thus a periodicslly varrving
.

1iguld heliurm, but alsc two pressure waves, :1' and p_°',
which proragate at the velocity of first and secornd sound,
resrectively, Sirilarly a vibratine dlaphrasm oroduces
not orly pressure waves but also two temnerature waves

T 'and T ', which 8lso provasate at the veloecitvy of first

.

e range

th treory

scund, respectively. Lifenitz hac shown that

iea of these cross-mcdes should be procortionsl

ie thesle 1s an investization of this counling

w and studvine the two pressure waves p.' and
*d By a heater and the terperature wave - M
a capac!itor micronhene, The tem-erature

of the amnlitude of these waves has been studlle

nulse and standing wave techniques in the temnera-

from 1.2 K to thre X.-poi*t. 300d arreenent
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! 11quid 'He density = F%

= suprerfluid density

a0

pn = norr=1 fluid density

*

Vv = eunerfluid velocity

:‘1 = 1-th component of the poeliicn vector
8 = ecific entropy

#’: iree entr y

T = terperature

K= thermal] conductivity coefficient

M= ordin ry viscosity of the norzzl fluid
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up' - (Rv, * Pyv,) =9 (Fa)
u(fgv eRv,) - 2' =0 (¢a)
yv,_ ¢ Sor' - p' =0 (10a)
u(Sp' +ps’) - Spv. =0 (11a)

It has teen usssumed that the fluild is stationary at
ezullibriur so that v, nd Vg wWere rnot denoted with primes,

in obtiining Egea. fa - 11a the €xpression for J in Eg, ©

hus sleo bLeen used, Eliminating = evs ¢ h¥n from
2qe, fa =nd Ga vields

u‘p‘-r':c (12)
Selvine Eq. 112 for S' an2 then substitutine excressions
for P *nd p' cbtained from Eqs, & end £a, resp tively,

8§ the following result:

S'vilarliy, sclvine Eg. 102 for T°' 2nd then substitutine
ex ressione for P =nd p' obtained from Les, © and 9

respectively, gives the following result:
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L N e
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[ "4 ¢ '
’ .
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into Egs. 12 and 15 the
5. Coupnling Coefficlents
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= C ('ﬂ‘) me e -~ -~ "~ - . -
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»

-

| 2 >
- :: - _Ts el
\ C, R
e twd gete f
e when u = 4
~ L ] i R -~y
t to firet ordie
p]-p “a SN
S e ;. = u,
. aTs “y
1T ———
- iy -u
:
u,
J e i *
L ' P

12

introducing the rropor- In Eqs. 3% ur € the subscript has agzin tecen left off
£ t”: t cececiflic hest C becsuse no distinctisn is beins m-de
etween the epecific heat t constant volume and at constant
(27)
rescure, Dcins so would merely introduce terms of hicvher
(2€) order in @ wkich hsve been nealected anvwavy,
when u = u_, Egs. 30, 31, and 322 can be gclved for
(2¢) i
a,, b, ard ¢_. These reeults, to first order in a, are
- I
writte as fol wa s p CLP u, u
fol - 1 U,y
8, = - =B 4 e (27)
S u, " =u,
(30) £ e’ ! :
u ?u 3
1) L < 172 (2€)
\ -~ - S —— J
S u1 -u_ -
33 ] o
| G ey a u u, \
c IR e S 1..._._([ - (1(\)
¢ S S v, -u,.“
= C (32)
In the roximaticn, Q@ = C, Eq. ?4 ~ives the result,
v & v . Thue, =e expected, in a first cound wzve in this
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To lowest orier in Q the amnlitudes of the nressure and

teviersture w vee srcduced in the liguid helium bv this
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From Sgs. 51-54 1t can be gseen thot the redominant
T3 i€ Orciuced bt the vibratine surf:ce is )1'. To
levest order the amplitudes T ' and T ' are ore rtionc]
1 »
) T e MR 2 P
Qv 1 » A48 DT rti B 8 A she amp) §tude
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the saverage kinetic and potentisl enersy densities are
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III. EXPERIMENTAL
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A Pre re Waves :" and p Produced by a Heater
. . -e : -~
. - ) ”
Filogure 1 shows the exoerimental caanber used to inves
s~ g B . " ) -
tiz te the twc pressure waves produced in liquid hel
t fluctuatine temnerature source, It consisted of a
- L
r r which was cloesed at one end by a carbon d1sk
re tor at the other end by a capaciter microphone,
M f the experiments were coerried out in a chamoer
> O Le 14 mAdArtazl
wolcn w £.7 cx long with a 2.0 em id. The cylindrical
> r - o . - g 3 b [ =4
c..A - T drilline a 2.0 ce hole rough a 1
) - r ny - o~ :
% 3 - - bt -
T arbon disk resist~r, a1 detailed drawins of wh'ch
: ils <
b - 4 o o twm o owmemtrran It was
is shown in Flgurs , served es the tr n tter, It 3
~ - 8 cireular senrtion ocut «:‘ a c:"er‘:‘.qllv
- e L ‘L “a il - ¢ VLR .
15 4.y Labs
- 1ls carton resistance strip. This resistance
r " - ~ o tertas - " " ~qreyr hHoae ..,1‘5..:10‘,. lr;~1.-qb_‘. b'.', 9
in earbor resistance laver permanently bonded to 1t,
' T resi nce of the carbon layer at rcom temoerature
l - * ~A
was 100C chms per sgquare., A low resistince electrocde
' * W ~ 4 -
: strin waig nainted around the periohery the clrcular
’ ct] with sillver paint This electrode wns grcounded
- 1 - -~ -~ A -~ -~ ¢ ‘
Te f stall screw to the outer C uctor of a
‘5 - coniductor \r the
ature coaxl catle, The inner conduc Y th

21

® >

mmoo
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Outer brass housing

Brass ring which holds the Mylar diaphragm
down

Nylon insulator
Brass back plate
Aluminized Mylar diaphragm

Set screws to adjust the tension in the
diaphragm

Screws holding the whole chamber
tc the support rod

Stainless steel support rod

Copper electrical iead which is connected
to the back via a metal spring

Carbon disk
Nylon cylinder

. Electrical leads to carbon disk

(miniature coaxiai cable)
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noY e e ® virwmottay . ¢ w!re If
2 vibr ik re. f
teA the ~ng "t £ tre ecoaxisl carle
would int jne nolege in the recelve
~ e . . 1.4
inA b 4 a2 R ]p V c C
1a2] er ves were made in the fl=t psurf:ces
ing whie held the Mylar diaphragm down,
o & > 2 & € . T49A114 $3vm -
ssares for € liquid helium to fill the
*ay e ~ 1 ¥ o - TR 2
rzture of the licuid lium bath was messured

or osressure z2nd usins the 195f Helium

The vapor pressure w-s measured

ce and Tiernan model FAl60 absolute pressure
res & 20.0 mr He (T = 1.G942 K) were

& gaure which had a O - §C mm Hg scale,

& were measured with a gsuge which had a

cale, bBoth of these rauges were calitr:ted
R ot
re
> - 14, 3
r: ‘ure f the 1iquid helium we2s reduced
s el [ m — - o
in int (T = 4.2 K) by pumpine with a

Mode] -22%, 147 cfm vacuum pump,

persture which could be reached in this

ilagram of the circuilt used

A dc blas voltage of 270

led, through a geriees reelcstor R, between
and aluzinum film, When pre .re waves
e dlaphrarr, the resultins dlsplacement
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— V=270 volts

MICROPHONE S TO

AMPLIFIER

hodeiacanl {

——

e —

Figure 3 Biasing circuit for the capacitor
microphone used 2s g receiver

cf the latter alters the capacitance C of the microphone

(o)

anc causes 2 signal voltace e . Registence R is made

‘\TTE& €rournh sc that tne capacitor cannot charce and dis-

chusree rapidly enough to follew the alternations of capaci-

tiince csused by the pressure waves, The condition which

Tuel held for t'is to ie true is that the tine constant,

PCO. of the circuit be lorngs comoared to tne pericd of the

pre :re wave,

Assurirz the dlaphrasm tc be replaced

by an equira-

lent plston of ares A at a distance x_ ¢ xs8inWt fron

C

the bacz plate, where xo 1s the eqguilibriur
¢ icitince will ve
0 A D s e Entucatla 8
47T (x_exsinwt) 4Ty X °
o} (o] o

ilstarce, the

+ C'slnwt , (7€)

where C_ = A'a‘n‘xc and C' = -ch/xo. It h7s been assumed

that p 1
X xo<< .

Substitution of Eq. 7€ intoc Eq. 76 an ifferentiaticn

wit eoect to tirme gilvee:
d1

(C 4C'stnWt)R—4(148C "W coswt) 1-v0 'wWeocaswt = 0 (€c)
it

Assurine 3 sclution to Eq., 80 of the form

i1 = AcosWt ¢ BeinWwt

4

R
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wCe The amplitude of e signal voltage
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standing weve techniques were used to —L— CARBON DISK _—
ki TRANSMITTER

'. Pulse Technicue
w8 A s8¢ Ta J1AFrar ¢ e X r.menta
....... aha: o L g b Figure 4 Schematic diagram of the experimental
Poen A1sk twetator wes A almi chamber ond electronics used in the
- dpcien ot Bl i e e pulse measurements of p, and pj .
gating the elgna) 2 enera] Rad
with a ner Radlo 17G6-3 ton urst
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wer to the heater rine 8 pulse ws
the maximum power input which coculd
remain in the linesr recion of recel
wer.
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led Research, Model 110, variabtle ¢
axplifier. Flsure S shows a rlot of
N versus rormalized frecy ncy for
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renix Type S31A oecilloscone with s
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ner, ne times of flisht of the
nd p,' verify that trevy procas-ted 3
ret and seccnd sound regnect! a‘y.
of Fizure € were taker with a Tek-
cording camera, The ¢ wrst g
2 insle irst mod A fraction
! ication of a einsle riving 1
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sed., All pulee dat: were taken in
the turned amplifier set at 1, t

re dlatort nly sli-kt} nd ¢

Ined to eliminate zcst low freguenc
tions. Su n reflec? n 3 ¢
uced conslderat o p! ing

carbon disk trasn 1t Y Y backine
because the reflecticns of ;1' wovu
initial p.' oulse, 1 ne m2]ller ou

e p_.' oulse in some of thre otosr

i to firat scund or p_ ' waves Leins

*1

ceiver diaphragm en 1t w caused
pulse,

Staindire Wive Technicu

ne wave technigue the carbon disk t

continuously with ac current, In ¢t

transmitter wit holes drilled 1

“ ri nti} etandin

r " r p.' wag beerv » All me

t the f inmrarnt re e, wh 1

avelensth egu2l to twice ¢ lengt
u, and u re temper-ture dependen

- nce fr ncy wos not ccnetant
. For wiavee propagitins at u_ the
annrox! tely 75 Hz to 190 Hz whi
ximately 1S5C to C Hz for w
< e o :

=3

-
m

WY
-

w
propagating at u..
It turned out that this method was satiefsctory for

Ta¥ing aintitative measurerents of p_' but not for p °.
< 1
Thle 1s becruse other reecrances, which are relleved to

o

te hicrher harmonice of pﬁ', were observed at frequencie

very cloege to the fundamental freguency of p", At some

terperaturee 1t was difficult to distinsuish these resgo-

narces from one another. This also made mezeurement of

tne Q of the cavity for the p1’ resonsances impossible,

As will be discuesed below the mesgurement of the Q of

the cavitv at ezch resonance 1is necessary in this tech-

®

When the frecuency of a sound source in s arall en-

o |

closure ejuals cone of the normal mode frequencies of the
enclosure, the amrnlitude of the pressure variaticns wil?
be directly proportional to the output of the source and
inversely proportional to a damping constant k which 1s
dive to losses from absorption and radiut‘cn.‘g wWhen the
iriving frecuency does not coincide with, tut 1s close to,
the normal frequency the pregsure variaticne build up
according to a standard rescnance curve. The width of
thls curve 1s proportiocnal to k.

In order that the terperature dependerce of the out-
put of the scurce could be stuiied, the amplitude of the
ndameéntal regonance and the wildth of the freguency
resoponse curve around each resonince wer nearured &c &

function of tempersture, The width of the regornance




a~r

.....

38
1.0 -—
0.9+ —
0.8 : -
w
S 07} -
-
i
s
< 0.6 e s
w
i
’_ — -
- 0.5
i
w
@
0.4} -

0.3'_' / e

o

0.2 L 1 l 1 1 |
125.5 126.0 128.5 1270 127.5 1280 1285

FREQUENCY (Hz)

Figure 7 A typical frequency response curve of a
standing wave resonance of p; ot a
temperature of 2.06 K.




Figure 8 Some typical oscilloscope traces
illustrating the response of the
cavity to a long tone burst
driving current at the resonant

p, frequency
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the Q set at 1, Hirner amplifier Q-valueg could

Secsuse of the lonver time constants agsocisted

14 . - . e
iterin circuiltry.

in the firet method

-
o

S
)

of the resonance curve was measured,
arplifier could be set at 100,
perature Wave 72' Produced bty s Mierophone

¥ an attempt wae made to -bserve the tempera-
o by

o
"

microohone by merely interchanging

itter and recelver in the ap-aratus already

(Filzure 1), The capacitor m cronhone was driven

tage and the carbon disk reulstor was uged as

irrent 1 = 1,0 ma wes mainta ned in the eéarbon

thils resulte !n a sianal veitage,

observed with this arrangerent by us'ng standing
slenile were too weak for suantitative measurs-
made, However, these waveg were able t~ be
ntitatively by using a new tyoe of second sound

as receiver,

Porous Diaphragr Second 2 Tr:nsducer
neducer was identical to tiae cunacitor micro-

‘cuum 1enosited on one siie of tae filter

.y

42

i1anhracm was penlaced by a dianhrasr made fror a norous

filter mater12]1,20 , conductine laver of aluminum was

T2i= alurinum f1lm was denocsited on the filter with

standard v-.cuum dencsiticn asparatus consisting of a

high viacuum tell jar charbter at ithe bise of walch was

"ountel a tunveten filament, The filaments were Zdwurds

*n Vacuur Inc., Tvpe A10 tunssten filarents, The filter

‘s mounted by mez:ns of a cardboard ring nd m2akins tane

7 7lass microscoope slide., The slide w-e then mounted

reximately f£5 =8 above the tuncsten filament

ir 3
tn the filter facine the filament, Another microscone

1de wre Tounted next to the one which was holdins the

-~

ilter, ine@ durhose of tnis second s)ide w28 to nrovide

Tesns of cbeerving how mueh aluminum wags belnr denosited,

few strioe of ailgh purity aluminum wire were hune from

e tuncsten filsment,

e filter s as follows: 1), The bell Jir w-e surned

wn tc 3 vicuum of 10 ~1cr‘on‘ . ). he current tec the

1 ‘Nt was switched on 2nd increased to ar roximately
AMD€. At thles current the sluminum striprs would melt

wetl the winole fillavent in about 1% - 30 geconds,

/« 40€ current was then increased to a- roximaetely 40

S
bt
)

OLe~rving the platn miecrosecone *11de throurh

cell l9r. At a current of 40 amps thie nlain glide

1d be coat with a totally reflectinc lsver of
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IC seconds. &), As soor 1t toerved rt a ferce on it,
~ tot2llv reflectine the current wa It shouls cinted cut that this transiucer wil
T™hi rovidea a satisfactory lucting ‘ :sC be sensitive to pressure waves., Thls must he taken
iT On the filter, ‘ ¢ ccount w interpretinc sicrals recetved with 4 A
eads of an ¢ were asplied at oprosite ‘ Th1e tyoe of transducer has b en usce2d to tudy
t 72
€riohery of a 47 mm dlameter filter coated ’ velocity of second sound close to ihe A-noint‘© and +1so
\ P o | 3 “
- = tanmne -~ - | 3 sy 2
ea resistance w 10 - onms, L2 =tudr aecond sound in “He - 'He mixtures Lelow G.3 K.
B |
¢
iwards tests of the flow i Ir thess Xnerimer t.® orincinle iv are of this ty
>int sresrsu °f the s~re tyne of filters of tra r w:s that 1t wes an efficlent trans=itter and
ctine layer of wold hai been vacuum recaivar of seconi sound without introducing heating,
y 4 nd ne - taan v At tmw § §4he R 3
) slenificant reiuct In el r A 42 11234 etudv of these transducers has beenp va4e Ly
Y res or the re llaveter, It 1} oterlock and Zdwards,
. L Ta ‘v ~An . . £91+ere

' ' alec . culllE. £ e S3ALER a An exnertment wae devised to test the sensitivity of

tion, t2ls transducer. The detalls of this ex erirent will be
i1ze of the filter matert-l w specified ifscribed 1in detall in Section IV-E below. The results

vy e O c s mAday b ~ “ - g P } P R - 3 .
rt € + 85 ¢ 0,C X e The iol- »ore that, in 3 to the above mentioned desirable
. . Y 5 -~ . . st an Fil+am o - v o »
ASOrOX te ¢ Of total fllter roverties, this trinsducer was 3len Truch Tore sensitive
norral flul herr weove metr-tion Jdepth, t cond sound temnersture fluctustions th n the
1 .
.. - ~ Bangd T .. - ¢ -~ ¥ o *tran . ' o Sl 4a S wo w 3 € -~
2 1ary t L ! ze, t t recelver described atove,
'
% 14 = - e Aron 4 4 = > A-maratiie nd 1 AASAT Y foar Va v T’
« AU 1L i # B ‘ . > ATDaratues and rrocedure f{o: < iNg
ind . R nent e . - wlam- L 4 : . o ‘ - - - -
Loul o “, 09 ’ she 1nvestir:tion of temher~ture wives or cea
tr ; 1w e ey w ik om 4 o ) o r
e res uni €he LYy a2 vibratine dlaohr:e w:e carrle 1t with the ex eri
- ey - 1. ., the IS . v . L - - - ) 3 v
. r iouely, 1 \ ' 4 " rentil charler previcusly describe (Fif re 1) exce 't t
. . — % . * - . 5
£t 1 f sy t resular canacitor mieronh ne re.:lsced the carbon Ai:
) a® S ne - . -~ & ., - + - % wmeam R IS . “ e -~y <~ - e . 4y -
11atine 4 f " trenegTitter and the vorcus dianhra tronsducer w
b s e @ - i "
r pressure fluctusat re., Thus t recelver. The blasing circult shown in Flrure 2 w 8
ve impinsine on ¢t Y y reee will used with t porous dlanhrirm recelver in thie e
s
te
) n— . — " -
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Figure IO The pressure wave amplitudes p; and p'2

produced by the carbon disk transmit-
ter, plotted versus temperature.
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Figure || The p;standing wave resonance amp-
litude plotted versus temperature.
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of thte frequency response curve around each resoninge

2N3 Oy the Zecay of a longs tone burst drivirs sirnal at

o~ sonant frequency. Ficure 12 shows a -lot of the
~< o
— e j ine conetant k measured v both of thece rethods,
Tre circles renrecent the experirental values of k
-

btailned by reasurine _he width of the frecuency regnonse

rve, (see Firure 7)., In thie case k =Tr(f" - f') where

20

£' 2nd f" are the frequencies at which the am '11tude s

14/7 times 1te value at resonance, The sguares renregent

s
the vilues of k obtained from the decav of a long tone
-
_1(:.: ret driving signal as illustrated in Ficure £, The
— e

tiTe 1t twkes for the amplitude to deeay to 1/e of its

40

u —_—
4d & = raxirum 1s egual to 1/k.
2 o
: '5 The reconance amslitude is directly orerortional to
°¢ o )
W W ‘urce output and invercely prerortional to the darsing
Q. 2
S constant, - Thus the amplitude dzata of Fipure 11 muat
o W 3
- - *orrected with the dat~ of Filrure 12 in order to obtain
tie temneraturs dependence of the souree outrut from the
_.: tandine weave reasurerenta, The data re-rccented by tri-
s in Fleure 10 are the result of correectins the am.]1i-
e tude data of Fisure 11 {0 the variation of the damping
comstant data in Firpure 12 and then dividine bv a constant
—2‘- factor
‘1, é %— é ‘l’ é Uli o The values for the atteru-tion of sescond sound derived
L] " o N o o from the daroing constant data of the stardine wave

(Aw) 3¥NSS3IYdJ

easurements, (see Figure '2), are larrer than the nublished

. 25-27

values, This 1e not surprizing, however, because
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Figure 12 The damping constant of p, standing
waves plotted versus temperature.
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In the measurements of :" ar.i p.' the input
. ) ) ’ B . 19 the carbon disk transmitter was conatant.
- Q wiz ecnetunt, In the earlier analysis of i~
e - L
: . ) wives »oroduced by a fluectuatins temner=ture

aource

Therefore

sressure
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Cutnut Amplitude Data Corrcetel For
. + 4 T
Variation of ‘o,
15 shows the reesults of diviaine the n" data
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Figure 17 The output voltage from the porous
diaphragm transducer used as a
receiver of the second sound waves
produced by the carbon disk trans-
mitter, plotted versus temperature.
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